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Demonstration of on the DrivAerML dataset

Aerodynamic prediction on Pressure -
, coefficient:
the car surfaces:

Distributed fields
Integrated forces

Comparison of different
modelling approaches.

1.00

Skin friction
coefficient;

Generalisation sensitivity with
dataset size reduction.

Propagate and quantify
uncertainty on the predictions.
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DrivAerML Dataset

Test case: 484 different road-car configurations

. DrivAerML - CFD dataset: . Dataset splits:

i

Full split: 400 train samples
Medium split: 133 train samples
Scarce split: 67 train samples

Super-scarce split: 11 train samples

Validation: 34 samples

Testing: 50 samples

. Surface data:

Meshes with ~1OM faces
350 GB data size

Pressure, shear stresses



Best Model Architecture (I/11)

Model architecture: encoder — transformer — multi-head decoder

. Model architecture easily defined by multiple block selection.
. Full train split — trained with a single 24GB AMD workstation.
. Training: Meshes downsampled to TM points to limit RAM.

target Lade
informed Lm

original o parame- Transformer prediction 1:M pred
mesh M points trisation blocks decoder
- Inputs: Coordinates . Outputs: Pressure coefficient
Normals Shear-stress coefficients

Curvature
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Best Model Architecture (II/11)

Model architecture: encoder — transformer — multi-head decoder

Model architecture easily defined by multiple block selection.
Test split set.

Evaluation: predictions on the original mesh sizes.

original parame- Transformer prediction original original
mesh trisation blocks decoder points pred mesh pred
- Inputs: Coordinates . Outputs: Pressure coefficient
Normals Shear-stress coefficients

Curvature

error
analysis
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Full Train Split — Prediction Results (I/11)

Surface and shear-stress comparison (test set)— upper body

CFD error
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Full Train Split — Prediction Results (lI/11)

Surface and shear-stress comparison (test set)— under body

CFD error

Cfw_mag_far Cfw_mag pred
0.00 0.00375 O‘OO?%D 0%112 0.0150 0.00 0.00375 O.OO%&DO.OHZ 0.015
| R | | .



y :
= Ingenl

DrivAer_DOE CD Predictions vs Targets Correlation DrivAer_DOE CL Predictions vs Targets Correlation

@® train
A val
W test

@® train
A val
W test

MAE 0.0064 0.0142 0.0045

R2-score 0.964 0.900 0.990
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Max GPU (single AMD mil100) 3.7 GB

Full mesh pred. time 60 s
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0.22 0.24
CL target

CD target

Integrated C, Integrated C,
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DrivAer_DOE CD Predictions vs Targets Correlation
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DrivAer_DOE CD Predictions vs Targets Correlation

@ train
A wval
W test

medium split
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DrivAer_DOE CD Predictions vs Targets Correlation
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scarce split
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DrivAer_DOE CD Predictions vs Targets Correlation
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Model performance assessment with reduced data

Prediction error sensitivity to train set:

1.00 :
0.90 Performance analysis with
0.80 i train set split:
0.70 i i i Full Medium Scarce Super
| i i split split split scarce
® 060 | : : : 2 - =
o : | : : Cases 400 133 67 11
Q 050 ; ; ;
Lo ; | i : CDMAE  0.006 0.007 0.011 0.025
4 : : : :
x 020 | | | ; CL MAE 0014  0.023 0029 0.094
050 Y i i CMyMAE 0005 0.009 0013 0023
: i | o i Traintime 6.5 h 2.2 h 11h 0.2 h
010 ! \scarce ;mgdlum fu.“i
duper (SPIt  isplit split; Max RAM 585GB 235GB 157GB 85GB
0.00 SuPer. i '
0 5@ 190 500 200 400 500 MaxGPU 37GB 37GB 37GB 37GB
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Assessing confidence in the predictions

Two uncertainty contributions (medium split):
1) Epistemic Uncertainty:

Capture model uncertainty

Method: Ensemble models.

2) Aleatoric Uncertainty:

Estimate data variability

Method: Gaussian loss

Estimate uncertainty from integrated forces without Monte-Carlo sampling.

Assess prediction uncertainty as confidence indicator for new designs.



Prediction UQ — Medium Split (I/11)

Correlating prediction error with model uncertainty (test set)

- Error v UQ for Surface C, — model trained with medium split.

C, pred error C, pred std. dewv.

Cp_pred_v_targ_error Cp_pred._std
-0.500 -0.250 Q.00 0.250 0.500 0.00 00625 0.125 0.188 0.250
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DrivAer_DOE CD Predictions vs Targets Correlation DrivAer_DOE CL Predictions vs Targets Correlation

MAE 0.0055 0.0160 0.0052
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Demonstration of on the DrivAerML dataset:

Surface flow fields

Precise mapping of pressure and skin friction distributions across complex vehicle
geometries and underbody contours.

Integrated quantities

Global forces and field outputs matched within 5% error margins on DrivAerML.

Uncertainty bounds

Robust prediction uncertainty controlled within 95% bounds.

Hardware accessibility

Flexible and affordable GPU framework enables rapid real-time workstation iteration.



2. [ngen|

-Powered Engineering Innovations

contact@ingeni- .com

WWw.ingeni-.com

§& IngeniAl  ©2026, IngeniAl Ltd. Private & Confidential. Al rights reserved.



mailto:contact@ingeniai.com
https://www.ingeniai.com/

	Slide 1: IngeniNetSim: Fast and Scalable  Geometric Deep Learning for DrivAerML Prediction
	Slide 2: What is IngeniAI?
	Slide 3: How We Can Help
	Slide 4: IngeniNetSim Software
	Slide 5: Software Features
	Slide 6: Aims & Objectives
	Slide 7: DrivAerML Dataset
	Slide 8: Best Model Architecture (I/II)
	Slide 9: Best Model Architecture (II/II)
	Slide 10: Full Train Split – Prediction Results (I/II)
	Slide 11: Full Train Split – Prediction Results (II/II)
	Slide 12: Full Train Split – Integrated Load Results
	Slide 13: Training Set Sensitivity (I/II)
	Slide 14: Training Set Sensitivity (I/II)
	Slide 15: Training Set Sensitivity (I/II)
	Slide 16: Training Set Sensitivity (I/II)
	Slide 17: Training Set Sensitivity (II/II)
	Slide 18: Uncertainty Quantification (UQ)
	Slide 19: Prediction UQ – Medium Split (I/II)
	Slide 20: Prediction UQ – Medium Split (I/II)
	Slide 21: Conclusions
	Slide 22: Questions?

